Summary Older women with pre-fracture slow walk speed, high body mass index, and/or a high level of multimorbidity have significantly higher health care costs after hip fracture compared to those without those characteristics. Studies to investigate if targeted health care interventions for these individuals can reduce hip fracture costs are warranted. Introduction The aim of this study is to estimate the associations of individual pre-fracture characteristics with total health care costs after hip fracture, using Study of Osteoporotic Fractures (SOF) cohort data linked to Medicare claims. Methods Our study population was 738 women age 70 and older enrolled in Medicare Fee for Service (FFS) who experienced an incident hip fracture between January 1, 1992 and December 31, 2009. We assessed pre-fracture individual characteristics at SOF study visits and estimated costs of hospitalizations, skilled nursing facility and inpatient rehabilitation stays, home health care visits, and outpatient utilization from Medicare FFS claims. We used generalized linear models to estimate the associations of predictor variables with total health care costs (2010 US dollars) after hip fracture. Results Median total health care costs for 1 year after hip fracture were $35,536 (inter-quartile range $24,830 to $50,903). Multivariable-adjusted total health care costs for 1 year after hip fracture were 14 % higher ($5256, 95 % CI $156 to $10,356) in those with walk speed <0.6 m/s compared to ≥1.0 m/s, 25 % higher ($9601, 95 % CI $3314 to $16,069) in those with body mass index ≥30 kg/m 2 compared to 20 to 24.9 mg/kg 2 , and 21 % higher ($7936, 95 % CI $346 to $15,526) for those with seven or more compared to no comorbid medical conditions. Conclusions Pre-fracture poor mobility, obesity, and multiple comorbidities are associated with higher total health care costs after hip fracture in older women. Studies to investigate if targeted health care interventions for these individuals can reduce the costs of hip fractures are warranted.
Introduction
Osteoporotic fractures cause substantial morbidity among older persons and are projected to cost $25 billion in the USA by 2025 [1] . Hip fractures account for 50 to 70 % of fracture costs, [1, 2] , but these costs are highly variable at the individual level. Reducing the incidence, morbidity, and costs of hip fractures remains an important health policy goal. A necessary step in making progress toward these goals is to identify individual patient characteristics that are associated with higher hip fracture costs.
Studies of hip fracture costs thus far have focused primarily on the associations of post-acute care use [3] [4] [5] [6] , post-fracture rehabilitation intensity [7, 8] , or identified health care structural characteristics that influence post-acute care use after hip fracture [3, 9] . These studies, based on claims data, have limited ascertainment of individual patient characteristics such as age, sex, location of residence, and claims-based estimates of comorbidity. Prospective epidemiologic studies have assessed unique patient characteristics that predict incident hip fracture [10] , and many of these patient attributes may be related to aspects of health care utilization. In particular, slow walk speed [11] predicts higher hospital [12] and nursing home utilization [13, 14] among community-dwelling adults, but its association with total health care costs in the general or selected subsets of the aged population has not been assessed.
Identification of characteristics associated with high health care costs after hip fracture is important for several reasons. Pre-fracture characteristics that predict high health care costs after hip fracture may help direct the design, and improve the cost-effectiveness, of various health care interventions. For example, pharmacologic treatments to reduce risk of hip fracture may be particularly cost-effective for osteoporotic individuals with characteristics that predict high health care costs after hip fracture; this may be an important consideration for newer but more expensive pharmacologic fracture prevention therapies. If pre-fracture characteristics that are potentially modifiable (such as slower walk speed and greater depressive symptoms) [15] are associated with both a higher incidence of hip fracture and higher post-fracture costs, then interventions that improve these risk factors are even more likely to be costeffective. Finally, even non-modifiable risk factors that aid identification of individuals with high post-fracture costs could help target programs to coordinate and improve the efficiency of health care for these individuals, ultimately reducing their health care burden and costs if a hip fracture occurs.
Our primary objective was to estimate the associations of pre-fracture characteristics, (including measures of physical performance, depressive symptoms, cognitive function, body mass index (BMI), and comorbidity burden) with total health care costs for the year after hip fracture among older women. Our secondary objective was to estimate the associations of pre-fracture characteristics with component costs, specifically acute hospital costs, skilled nursing facility costs, and outpatient costs.
Methods
The Study of Osteoporotic Fractures (SOF) recruited 9704 community-dwelling Caucasian women age 65 or older between 1986 and 1988 from population-based listings in four geographic regions of the USA; Baltimore, MD; Minneapolis, MN; Portland, OR; and a rural area (Monongahela Valley) near Pittsburgh, PA [16] . SOF study visits were carried out every 2-5 years through 2010. At the sixth SOF study visit between 1996 and 1998, 662 African-American women age 65 and older were also recruited [17] . Using validated methods detailed in previous publications [18, 19] , successful matches to Medicare claims were achieved for 92 % (n = 9228) of women enrolled in SOF as of January 1, 1991, when outpatient Medicare claims first became available. Since the far majority of all individuals who have a hip fracture are admitted to hospital for surgical treatment, we used the US Medicare Provider Analysis and Review (MedPAR) file to identify SOF participants with an incident hip fracture between January 1, 1992 and December 31, 2009 by the following criteria: (a) a discharge diagnosis of hip fracture (ICD-9 code 820.0× or 733.14), (b) a hip fracture surgical treatment code (ICD-9 codes 78.55, 79.15, 79.35, 81.51, 81.52), and (c) not having a treatment code indicating surgical removal of hardware or revision arthroplasty (78.65 or 81.53). The date of the hip fracture was the admission date for the hospital stay during which their hip fracture was surgically treated. Of the 1170 women who met these criteria, 738 (63 %) were enrolled in Medicare Fee for Service parts A and B for the year before and year after their hip fracture, and this subset comprised our analytic cohort (Fig. 1) . The remaining 432 participants were enrolled in Medicare Advantage during part or all of the first year before or year after their hip fracture, and therefore, their claims were not available to us.
Total health care costs year before and year after hip fracture
Because it is very difficult to accurately ascertain which items of health care utilization after hip fracture are attributable to that fracture [20] , our analytic strategy was to use total health care costs the year after hip fracture as our dependent variable and to adjust for pre-fracture total health care costs the year prior to hip fracture. Since health care utilization attributable to hip fracture can occur for at least a year after the event, we defined the episode of care for hip fracture as 1 year. Total health care costs were calculated as the sum of costs for all acute hospital stays (including the stay during which the hip fracture was surgically treated), skilled nursing facility (SNF) stays paid by Medicare, inpatient rehabilitation facility (IRF) stays, outpatient care, and home health care for 1 year after and for 1 year before the hip fracture date. Medication costs were not included. All acute hospital stays, Medicare-paid SNF stays, and IRF stays during the year before and year after hip fracture were identified in the MedPAR file. Outpatient utilization was identified in the Carrier and Outpatient Medicare claims files, and home health care visits were identified in the Home Health Care file.
The US Medicare system is a government-administered health insurance system that sets reimbursement payment rates to both inpatient and outpatient providers on behalf of Medicare beneficiaries (US citizens age 65 and older). Medicare tries to base payments for hospital, SNF, IRF, and outpatient care providers on the intensity of and true resource costs for those services required for the patient's medical and surgical acuity [21] . Medicare adjusts final payments to providers for geographic variation in labor and capital price inputs into the costs of delivering health care services. As our aim was to assess impact of individual characteristics on health care costs that were generalizable to the USA as a whole, we used Medicare payments with the geographic price input adjustments removed. Our methods of doing so for acute hospital inpatient stays and outpatient utilization are described fully in previous publications [19, 22] .
In the case of SNF and IRF payments, Medicare uses the health care wage index (WI) to adjust payments for local price inputs. For SNF stays, the local input price adjustment can be removed from the Medicare payment values in the MedPAR file by using the following equation:
where Prop LABOR-SNF is the proportion of SNF care costs attributable to SNF worker wages and WI is the hospital wage index for that geographic locality.
Similarly for IRF stays, the local input price adjustments can be removed from the Medicare payment values in the MedPAR file by using the following equation:
where Prop LABOR-IRF is the proportion of IRF care costs attributable to IRF worker wages and WI is the health care wage index for that geographic locality. The proportions of SNF and IRF costs estimated to be attributable to worker wages are published for each fiscal year in the US Federal Register, and the WI for each local geographic location in the USA for each fiscal year is available on the US Medicare website. Costs were calculated and adjusted for health care cost inflation to US 2010 dollars by methods described in detail in prior publications [19] , using Medicare payments to providers and resource intensity weights that reflect the true monetary resources required to deliver each type of health care.
Patient characteristics
Age, race, and educational status were recorded at the baseline visit. Femoral neck bone mineral density (BMD) was measured in participants at the second (1989 to 1990), fourth [23, 24] . Selfreported health status (recorded as a single question survey item), impairment of instrumental activities of daily living (IADLs), smoking status, whether the participant had a fall during the previous 12 months, and whether or not the participant walked for exercise were ascertained at each study visit. Grip strength [25] , the ability and time to complete five chair stands [26] , and 6-m walk speed at usual pace were measured at each study visit. Depressive symptoms were measured by using the 15-item Geriatric Depression Scale (GDS) [27] score at the second, fourth, sixth, eighth, and ninth study visits and categorized as none or minimal (GDS score of 0 or 1), mild (2, 3, 4, or 5), or moderate to severe (GDS scale score of ≥6). Cognitive function was assessed by using a modification of the Mini-Mental State Examination (MMSE) [28] at all visits except the second and third and scored from 0 to 26. Height (measured with a Harpenden stadiometer) and weight were assessed at each study visit.
Participant comorbidity burden at the time of the hip fracture was ascertained by the Elixhauser method that takes into account 31 specific medical conditions (summary score range 0-31) by using Medicare inpatient and outpatient claims data for the year prior to the hip fracture [29] . We ascertained if participants were already residing in a nursing facility at the time of their hip fracture by using a previously validated algorithm [30] with outpatient Medicare claims.
Hospital characteristics
We used Centers for Medicare and Medicaid Provider of Service (CMS POS) files and Medicare Cost Reports files to ascertain characteristics of the hospitals in which patients' hip fractures were surgically treated that might influence utilization and cost of care after hip fractures. These characteristics, included as covariates in our analytic models, were hospital size (defined as the number of Medicare-certified acute care beds), the number of prospective payment (PPS) exempt rehabilitation beds in the hospital, and hospital ownership of a SNF and/or a home health care agency [31] .
Local supply of health care providers
Since the presence of SNFs close to the woman's residence may increase the likelihood of SNF utilization for post-acute care following any hospitalization [31] (and therefore health care costs), the addresses of all SNFs within the patient's county of residence and adjacent counties were identified in CMS POS files. Because the local supply of hospital beds has been associated with length of stay and intensity of inpatient utilization [32] and the supply of primary care providers has also been inversely associated with health care costs [33] , we also adjusted for these factors in our analytic models. We used CMS POS files and the Area Health Resource File to estimate the numbers of Medicare-certified acute hospital beds and primary care providers per capita within the patient's county of residence and also to estimate the numbers of orthopedic surgeons, occupational therapists, and physical therapists per capita within the patient's county of residence.
Statistical analysis
Predictor variables that represented continuous phenomena were modeled as continuous variables unless their distribution was highly skewed or their association with total health care costs was non-linear. In that case, they were modeled as ordinal variables. The most recent SOF visit proximally preceding the hip fracture occurred a median 1.6 years (IQR 0.8 to 2.7) before the hip fracture. If the participant did not attend that particular study visit, predictor values were imputed for that participant at that visit with imputation models by using data for all predictors from prior visits for that individual and all visits for all 10,336 SOF study participants. The missing values were imputed 50 times with the multiple-chained regression equation method by using the ice command of Stata 13.1. We performed both single-level models and multilevel models with random intercepts for both hospitals in which the hip fractures were surgically treated and counties of residence. However, likelihood ratio tests comparing the multilevel models to single-level models showed no difference between them; hence, we included only analyses from singlelevel generalized linear models with a gamma variance function and identity link. Models were run by using the mi estimate command of Stata, in order to compute robust parameter coefficients and standard errors. Initial models were run to assess the association of each individual patient predictor with costs after hip fractures, adjusted only for study enrollment site and the year in which the hip fracture occurred. Those predictor variables with a p value of association <0.1 with total health care costs were then included in full multivariable models; variables with a multivariable-adjusted p value of association >0.2 with costs were then eliminated in a stepwise fashion.
Our secondary goal was to estimate the associations of the individual predictor variables with each of three major components of health care costs after hip fracture (acute hospital costs, outpatient care costs, and Medicare-paid SNF costs). Each of these separate generalized linear models had the same predictor variables as the final multivariable model for total health care costs after hip fracture. Twenty-five percent of participants did not have any Medicare-paid SNF claims during the year after their hip fracture. Hence, we estimated the associations of predictor variables with any Medicare-paid SNF utilization (any SNF costs versus none) by using logistic regression and then the associations of predictor variables with total Medicare-paid SNF costs for the subset of participants with non-zero costs using a generalized linear model. Hip fracture is associated with a 20 % or more cumulative mortality within several months of the fracture [34] , and health care costs tend to be very high in the year preceding death [35] . Therefore, all of the above analyses were repeated after excluding participants who did not survive for 1 year after hip fracture.
Finally, in order to explore whether certain key comorbid conditions were important predictors of total health care costs after hip fracture, we adjusted for the presence or absence of five key comorbid conditions (diabetes mellitus, cardiovascular disease (CVD), dementia, depression, and chronic obstructive pulmonary disease [COPD]) in place of the overall comorbidity score.
Results
The 738 women with hip fracture in our cohort had a mean age of 83.7 years (range 70 to 99 years) and were overwhelmingly Caucasian (Table 1) . Over 50 % of participants had three or more comorbid conditions, and 65 % had at least one IADL impairment before experiencing their hip fracture. Five hundred sixty five (77 %) survived the entire first year after their hip fracture, and among those who did not survive, 173 (23 %) died a mean 4.1 months after hip fracture.
The median (inter-quartile range [IQR]) total costs of care for the year after and year before hip fracture were, respectively, $35,536 ($24,830 to $50,903) and $4465 ($1120 to $14,066). Major components of total health care costs during the year after hip fracture were acute hospital stays (median $12,236, IQR 10,248 to 18,725), Medicare-paid SNF stays (median $9587, IQR 0 to 24,416), and outpatient costs (median $5807, IQR 3843 to 8625). Only 13.8 % of the cohort had an IRF stay during the year after their hip fracture, and 52 % incurred home health care costs that on average were modest in magnitude (Table 2) .
With adjustment only for study enrollment site and the year during which the hip fracture occurred, pre-fracture characteristics associated with higher total health care costs after hip fracture included poorer self-rated health, five or more comorbid conditions, younger age, IADL impairment, obesity , depressive symptoms, and slower walk speed (Table 1) . Pre-fracture global cognitive function, BMD, self-reported walking for exercise, grip strength, chair stand speed, current smoking, and pre-fracture nursing home residence were not significantly associated with total health care costs after hip fracture.
After further multivariable adjustment for pre-fracture comorbidity, health care costs the year before hip fracture, size of the hospital in which the hip fracture was surgically treated, and per capita supply of primary care physicians, women with walk speed <0.6 m/s and those with walk speed 0.6 to <0.8 m/ s both had a 1.14-fold higher total health care costs after hip fracture compared to those with walk speed ≥1.0 m/s (Table 3 ). Obese women with BMI ≥ 30 kg/m 2 compared to normal weight women with BMI 20 to 24.9 kg/m 2 had a 1.25-fold increase in total health care costs the year after hip fracture. Compared to those with no pre-fracture comorbid conditions, those with five or six or less than seven more comorbid conditions had 1.21-fold higher total health care costs after hip fracture. Age, self-reported health, depressive symptoms, and IADL impairment were no longer associated with total health care costs after hip fracture in the multivariable model.
When indicator variables for diabetes mellitus, CVD, depression, dementia, and COPD were included in the multivariable models in place of the overall comorbidity score, only pre-existing CVD was significantly associated with total health care costs after hip fracture (incremental cost compared to those with compared to those without CVD $5168, 95 % CI 1026 to 9310). Notably, the associations of walk speed and BMI with total health care costs after hip fracture were unchanged (data not shown).
The effects of the individual patient characteristics differed for the major components of post-fracture health care costs. The multivariable-adjusted association between slow walk speed and total health care costs was primarily due to its association with Medicare-paid SNF costs the year after hip fracture (Table 4) ; associations of walk speed with acute hospital costs (Table 5 ) or outpatient costs (Table 5 ) the year after hip fracture appeared smaller in magnitude and did not reach significance. These results were unchanged in analyses limited to the women who survived for at least 1 year after hip fracture. In contrast, obesity was associated with increases in all major components (adjusted acute hospital care costs, outpatient costs (Table 5) , and Medicare-paid SNF costs (Table 4) ) of total health care costs for the year after hip fracture. Among the subset of women who survived for at least 1 year after hip fracture, patterns were similar, but the association of obesity with increased costs reached the level of significance only for outpatient costs. Finally, the association of pre-fracture comorbidity with higher total health costs appeared to be primarily driven by increases in both acute hospital and Medicare-paid SNF costs, though the association was significant only for acute hospital costs among the subset of women who survived at least 1 year after hip fracture.
Discussion
Total health care costs after hip fracture are highly variable, and individual characteristics that may predict these costs have not been previously explored. Our results indicate that pre-fracture slow walk speed, pre-fracture obesity (BMI ≥ 30 kg/m 2 ), and greater comorbidity burden are independently associated with higher total health care costs after hip fracture, adjusted for health care utilization before the hip fracture. The association of walk speed with total health costs after hip fracture is primarily driven by its association with Medicare-paid SNF costs after hip fracture. These findings suggest that those with higher pre-fracture lower extremity physical performance have more reserve to withstand the effects of hip fracture such that they may require less intense rehabilitation afterward. In contrast, obesity is associated more broadly with increases in all of the major components of health care utilization after hip fracture. One previous study reported an association of self-reported ability to walk 0.25 mi with total health care costs [36] , but our investigation is the first to show any association between objectively measured walk speed and total health care costs. In addition, other studies have reported that objectively assessed impaired mobility is associated with a higher risk of inpatient hospitalization [12] and nursing home admission [13, 14] , but our investigation expands on these findings by showing the incremental effect of slow walk speed on total health care costs. Slow walk speed is associated with a higher incidence of hip fracture [10] and is amenable to interventions designed to improve physical mobility and activity in older individuals [37, 38] . Improving mobility may reduce health care costs not only by reducing risk of incident hip fracture but also by reducing cost of care following hip fracture should it occur. Future research studies to evaluate whether or not interventions to improve mobility reduce hip fracture incidence and health care costs after hip fracture clearly are warranted. If interventions that improve mobility result in some health care cost savings that at least partially offset the intervention cost, then routine periodic assessment of lower extremity performance (such as walk speed) in clinical practice settings as some have advocated [11] may be reasonable, particularly in frail older persons at higher hip fracture risk.
Although only an estimated 12.3 % of our hip fracture cases were obese, the effect of obesity on health care costs , but further increases in BMI are associated with little or no further reductions in fracture incidence [39, 40] . The effects of interventions to reduce obesity on hip fracture costs are therefore likely to be complex. Hip fracture incidence increases with weight loss irrespective of body weight or intention to lose weight [41] , but this may be offset by lower costs of hip fracture should they occur.
There has been recent strong interest in identifying those with clusters of comorbid conditions with very high health care costs [42] , who then may be appropriate candidates for care management programs to improve the efficiency of their health care [43] . Our results not only support such efforts but also show that measured characteristics such as walk speed and body mass index can be combined with comorbidity to identify high-risk older adults. Moreover, pharmacologic fracture prevention therapies may be particularly cost-effective for those individuals with these characteristics who also have osteoporosis.
An important limitation of our study is that pre-fracture characteristics were assessed a median 1.6 years before the occurrence of the hip fracture, and we had to impute predictor variable values for a minority of these hip fracture patients because they did not attend the most recent SOF visit preceding the date of their hip fracture. Thus, our estimated associations of pre-fracture characteristics may be biased toward the null hypothesis of no association, and we may have missed some associations of predictors that may change over time, including factors such as depressive symptoms, cognitive impairment, and IADL impairment. However, our findings of significant associations of walk speed, obesity, and comorbidity with total health care costs after hip fracture are robust to this limitation. In addition, the SOF study did not include men, and other cohort studies would be required to investigate whether or not our findings are also true for older men. Our results are not applicable to the small minority of hip fracture patients who do not have surgical fixation of their fractures. We did not have a contemporaneous non-fracture control group, but that is mitigated since we adjusted for pre-fracture total health care costs; using pre-fracture health care costs as a control yields similar estimates of hip fracture attributable costs as does using a contemporaneous control group [44] . Other limitations of our study are that we did not include costs of long-term nursing home care in our calculations of total health care costs, the dearth of minority beneficiaries, the lack of claims data on participants with hip fracture that were enrolled in Medicare Advantage plans, and data from only four geographic sites in the USA.
In conclusion, slower walk speed, obesity, and a greater comorbidity burden are associated with higher total health care costs after hip fracture, after adjustment for each other, and for pre-fracture health care costs, hospital characteristics, and local supply of health care providers. Improvement of mobility among older women at high risk of hip fracture may reduce costs of care, should a hip fracture occur. Further studies of the effect of interventions to improve physical performance capability among elderly persons at high risk of hip fractures are warranted.
